ABSTRACT purpose. To investigate the rate of venous thromboembolism (VTE) in Japanese patients with fractures of the pelvis and/or lower extremities using physical prophylaxis alone. Methods. Records of 66 men and 60 women aged 15 to 95 (mean, 57) years with fractures of the pelvis and/ or lower extremities were retrospectively reviewed. They were screened for VTE based on D-dimer values. Contrast-enhanced computed tomography and/or ultrasonography were performed when the D-dimer value did not decline predictably or exceeded 20 µg/ml even 5 days after injury or surgery. Physical prophylaxis for VTE in terms of graduated compression stockings and intermittent pneumatic compression were applied for all patients. results. Of the 126 patients, 24 were detected to have VTE (10 of 29 with multiple fractures and 14 of 97 with single fractures). Six patients were detected to have asymptomatic pulmonary thromboembolism (PTE), whereas 20 patients were detected to have deep vein thrombosis (bilaterally in 7). The rates of VTE were high in patients with multiple fractures (35%), pelvic fractures (18%), and femoral shaft fractures (50%).
introduction
Venous thromboembolism (VTE) including deep vein thrombosis (DVT) and pulmonary thromboembolism (PTE) is a common complication after hip fracture surgery. [1] [2] [3] [4] Patients with multiple trauma and/or pelvic fracture are also at high risk. [5] [6] [7] [8] [9] [10] [11] In contrast, patients with fractures involving the distal parts of the lower extremities are at lower risk. [12] [13] [14] [15] [16] [17] The incidence of VTE in the Asian population is lower than in the western populations. [18] [19] [20] [21] [22] [23] [24] [25] Nonetheless, recent reports have shown a similar incidence in Asian and western patients undergoing hip fracture surgery or joint replacement. [26] [27] [28] [29] [30] [31] The incidence of VTE in pelvic and acetabular fractures among Asians remains unclear. In Japan, physical prophylaxis has been the mainstay of VTE prevention, until fondaparinux sodium and enoxaparin became commercially available since 2007 and 2008, respectively. We investigated the rate of VTE in Japanese patients with fractures of the pelvis and/or lower extremities using physical prophylaxis alone.
Materials and Methods
Records of 182 Japanese patients with fractures of the pelvis and/or lower extremities between February 2004 and April 2009 were retrospectively reviewed. They were screened for VTE based on their D-dimer value (normal, <1 µg/ml) using the latex photometric immunoassay method. The values were recorded at least twice weekly for 2 weeks after the injury and one week postoperatively. Contrast-enhanced computed tomography or ultrasonography were performed when the D-dimer value did not decline predictably or exceeded 20 µg/ml 5 days after injury or surgery.
56 patients were excluded owing to prophylactic anticoagulation (n=8) and incomplete follow-up (n=48). The remaining 66 men and 60 women aged 15 to 95 (mean, 57) years were analysed; all underwent surgery except for 2 with pelvic fractures. In addition to fractures of the pelvis and/or lower extremities, they also had associated injuries of the head (n=12), chest (n=14), and abdominal (n=4), as well as fractures of the vertebral bodies (n=6) and upper extremities (n=10).
For VTE prophylaxis, graduated compression stockings and intermittent pneumatic compression were applied, except during external fixation, skeletal traction, casting, or any contraindication. When physical prophylaxis could not be applied to the injured leg, it was applied to the uninjured leg. Active range-ofmotion exercises of the ankle and toes were carried out.
Multiple fractures were defined as ≥2 fractures in the pelvis and/or long bones of the lower extremity or in both lower extremities. 32 Table 2 .
Six patients were detected to have asymptomatic PTE (2 with multiple fractures, 2 with pelvic fractures, one with a proximal femur fracture, and one with an ankle fracture) [ Table 2 ]. 20 patients were detected to have DVT (proximal in 6, distal in 12, and both in 2); DVT was bilateral in 7 patients.
24 patients with VTE were detected on post-injury days 5 to 41 (mean, 14); 17 were detected within 15 days of the injury. That is they were detected on postsurgery days 2 to 41 (mean, 11); 7 were detected before surgery and 16 after surgery, and one had no surgery.
27 patients underwent imaging examination including contrast-enhanced computed tomography (n=16), ultrasonography (n=12), and both (n=1). 15 of the 16 patients undergoing contrast-enhanced computed tomography were detected to have VTE, whereas 10 of the 12 patients undergoing ultrasonography were detected to have DVT.
Inferior vena cava filters were inserted in 3 patients. A temporary filter was inserted preoperatively to prevent PTE and then removed postoperatively in one patient with a pelvic fracture and one with a femoral shaft fracture. A permanent filter was inserted in one patient with a proximal femur fracture, because she was elderly and her cardiac function was not good. All 3 patients developed proximal DVT, and the patient with a pelvic fracture developed an asymptomatic PTE.
discussion
Our screening strategy was useful, as the detection rate of VTE in patients with pelvic fractures was high, as other reports, 5, 7, 10, 11 whereas the detection rate of PTE was also high despite the patients being asymptomatic. The high prevalence of PTE in patients with pelvic fractures indicates that screening should be performed as early as possible before PTE becomes symptomatic. There are few reports on VTE in patients with femoral shaft fractures. 30, 33 In our study, the rate of VTE (DVT) in such patients was high, although the sample size was too small to detect significant differences in rates.
Patients with multiple fractures have a higher incidence of VTE (including PTE), 6, 8, 9 which may be attributed to the level and severity of fractures. 34 In our study, there was no detectable impact on the occurrence of VTE in patients with head, chest, or abdominal injuries, or spinal or upper extremity Use of contrast medium, exposure to X-ray, artefact caused by hardware Ultrasonography Non-invasive, can be performed at the bedside Difficulty to perform for patients with fractures of the pelvis and lower extremities, dependence on the examiner's skill, and inability to investigate pulmonary thromboembolism simultaneously Table 3 Comparison of contrast-enhanced computed tomography with ultrasonography fractures. Nonetheless, PTE and proximal DVT were detected in patients with fractures in the distal parts of the lower extremities. Thus, the possibility of VTE should not be ignored in such patients. 13, [15] [16] [17] Our VTE screening method was useful for preventing fatal PTEs, although our VTE detection rate for hip fractures was lower than that reported in other studies. [1] [2] [3] [4] Thus, some VTEs may have been missed. As types and severity of injuries vary, screening for VTE should be individualised, and a basic strategy should be set for each type of trauma.
The D-dimer value increases after injury or surgery, 35, 36 but a high D-dimer value is not necessarily indicative of VTE. If its cut-off value is set at lower levels, sensitivity will increase (fewer VTE will be missed), but specificity will decrease and more imaging examinations will be needed. Ideally, the cutoff value should be set for each fracture level and each time point after injury and surgery. For simplicity, we set the cut-off value as 20 µg/ml for all fracture levels and all time points, based on our experience and a clinical study. 37 Almost all our patients with VTE had D-dimer values far exceeding 20 µg/ml, and only few patients without VTE had values exceeding 20 µg/ml. In trauma patients, a D-dimer value exceeding 100 µg/ml on the day of injury is not rare, but in most patients the value decreases to <20 µg/ml within 5 days. Caution should be paid to patients with a high D-dimer value persisting 5 days after injury or surgery. Observation on the dynamic status of serum D-dimer is useful for predicting the occurrence of VTE. Nonetheless, asymptomatic VTE may be missed, as imaging examinations were not performed for all patients.
Contrast-enhanced computed tomography can detect both DVT and PTE, whereas ultrasonography is non-invasive (Table 3) . We therefore switched from contrast-enhanced computed tomography to ultrasonography as the diagnostic tool of choice. If proximal DVT is detected by ultrasonography, contrast-enhanced computed tomography is also applied for detecting PTE.
The incidence of VTE is considered lower in the Asian populations than in the western populations. [18] [19] [20] [21] [22] [23] [24] [25] Nonetheless, our findings in the Japanese patients demonstrated similar incidence, which is consistent with other recent studies. [26] [27] [28] [29] [30] [31] Thus, the use of anti-coagulation may be appropriate for Japanese fracture patients, especially those with multiple fractures, pelvic fractures, femoral shaft fractures, and hip fractures. Surgeons should be vigilant for VTE during the first 2 weeks after injury, especially in patients with multiple and/or pelvic fractures. The dynamic status of D-dimer values is a useful reference for detection.
Our screening strategy is to (1) perform ultrasonography for fractures of the pelvis and/or lower extremity pre-and post-operatively, (2) perform contrast-enhanced computed tomography for patients with pelvic fractures and/or multiple fractures, and (3) monitor the dynamic status of D-dimer values and if necessary apply both types of imaging.
